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IN-LINE MEASUREMENT OF PLUTONIUM AND AMERICIUM iIn MIXED SOLUTIONS*

T. K. L{

University of California

Los Alamos National Laboratory

Los Alamos, NM 87545

ABSTRACT

A solution assay instrument (SAl1) has been
developed at the Los Alamos National Laboratory
and installed in the plutonium purification and
americium recovery process area in the Los Alamos
Plutonium Processing Facility. The instrument
is designed for accurate, timely, and simultane-
ous nondestructive analysis of plutonium and
americiun in process solutions that have a wide
range of concentrations and Am/Pu ratios, For a
25-mL sample, the assay precision is <1%, both
for plutonium and for americium !.aving concentra-
tions »5 g/L within a 2000-53 count time.

INTRODUCTION

During the past several years, the Plutorium
Processing Facilily at the Los Alamos Natianal
Laboratory has preparad ceramic-grade plutonium
dioxide in production quantities by purifying im-
pure plutonium metal to plutoniuvm oxide.l
Large quantities of americium and other impuri-
ties are remived from the nlutcnium as peroxide
filtrates in this process. Because of the in-
creasing demand for the use of americium in o0f'-
well logging instruments and other uses, routine
operaticns to recover Lhe am:ricium have been de-
veloped and implemented.2 Figure ]| shows par-
tial flow diagrams for a plutonium purification
process based on selective ~eciprtation and an
americium recovery ard purification process based
on ion exchange and oxalate precipitation.

The solutions generated from the plutonium
purification and wmericium recovery processes
have a wide rangs of total (plutonium and amer-
fcium) concentrations and Am/Pu ratios: for so-
lutions generated from the plutonium purification
process, the total concentrations range fram 0.)
to 500 ¢/L and the Am/Pu ratios vary from g few
parts per million to 10; for solutions generated
fron the americium recovery process, the total
concentrations range from 0.1 to 50 g/L and the
Am/Pu ratios vary from 0.5 to 100,

It is importent to hoth s;eciel nuclear ms-
terial control and procets centrol to determine

¥ThTs work was pertormed under the auspices of

the US Department of Energy.

the plutonium and americium content of these so-
lutions accurately and rapidly. The assay pro-
cedure needs to be as simple as possible for rou-
tine operation by process technicians. An in-
line solution assay instrument (SAl) that satis-
fies these criteria has been resigned at Los
Alamos and installed in the plutonium purifica-
tion and americium recovery process area in the
Los Alomos Plutonium Processing Facility. Solu-
tior types, with total concentration and A /Pu
ratios, 1are shown at the SAl measurement points
in Fig. 1.

MEA SUREMENT METHOO

The SA] is based upon high-resolution gamma-
ray measurements., Because the plutonium in the
purification process 1is of known isotopic com-
position, the total plutonium concentration of
the solutions can be detqrmined by using the
4)3.7-keV gamma rays from 239y, he smericium
conzent-ation 1s determired by a weighted average
based on the measured intensities of the 358 -
kev (after removal of the contribution from 6I?u
at 375 keV) and 419-keV gamma rays from 241am,
The reason for not uting high-intensity low-
energy gamma rays (for erample, 125 keV, 129 keV)
is because the correction factors and uncertain-
ties become very large; the transmission of iow-
enerqy Qgamma rays decredses dramatically as the
total concentration y“ru}% up to 200 g/L.
;!;thg re, a3 the Am/<3Py ratios and/or

U/€°%Py ratios in the sciutions become very
high, the Compto. continuum from the intense
208-keV gama ray mekes the lower erergy unusa-
ble. To maximize the SAl's sensitivity and pre-
cigion at both low and high concentratians for
such high retios, a 0.76-mm-thick tungsten filter
was instalied in front of the detector. The
filter reduces the lower energy portion of the
ama-ray spectrum and provides adequate reduc-
fon of the 416-keV sum peak that results from
pileup of the 203-&-'5 ema rays and interferes
with the 41).7-kev ¢39Py peak, The transmis-
sion correction 13 made by counting gamma rays
emitted from an external transmission source {a
20-g nickel-plated plutonium metal disk} thraugh
the sample, Corrections for rate-related count-
ing losses as a rasult of deadt‘m and pileu-up
are made by cou.ting the B88-keV gemma rays



emitted from a 109Cd source attached directly to
the detector housing.

The ganma-ray net peak areas are calculated
by using a straight-line background subtraction
method. Both the 413.7- and 4]9-keV gamma rays
are clean single peaks, while the 376.6-keV gamma
rays are part of an unresolved doublet that in-
cludes the contribution from 239y at 375 keV.
The americium content determined from the un-
resolved doublet can be expressed as follows:

An (9) = 1rabe- ls _Lss) 239, (g)l .

where

1(375), 1(376.6) = specific activity of
375-, 376.6-keV gamma rays, respectively, (in
YI'QIS)-

I = 1(375) + 1(376.6),

R = count rate of (375 * 376.6) unresolved
peak (in counts/s) with the corrections of trans-
mission and rate-related counting losses,

239py = 239Py content (in g) in the sample
as determined by the intensity of 413.7 kev,

K = calibration constant (in counts/G/s),

6o LO7S) , 2395 0y, 1(376.6) , 281yn o)

The SAI hardware, software, and sssa‘ proce-
dure have been described elsewhere. riefly,
the SAl consists of a sample chamber, a germanium
detector and associated electronics, a NOVA 2
(28K of 16-bDit memory) minicomputer-based multi-
channel analyier with a digitally stabilized 4K
analog-to-digital converter, a dudl mignetic-tape
cassette uni%. and a terminal. The sample cham-
ber houses & polystyrene sample bottle and a ro-
tating tungsten shutter. The sgmple bottle i3
right circular cylinder (10 cmc Ly 4 cm) with
a maximum solution volume of 40 mL, For routine
assays, 25-mL solution samples are drawn through
clean calibrated automatic pipettes by process
technicians, The shutter 13 located above the
sam l‘ tottle and is pneumatically operated under
cw@u er conirol; the transmicsion scurce is cen-
tered on one side of the shutter. The germanium
detector, which has a resolution of 1.55 kev at
413.7 keV, 1s located outside the glovebox, di-
rectly under the samle bottle. No modifications
were necessary to the 4.75-mm-thick steinless
stee! glovebox floor,

An automatic deta-arquisition-snd-gnalysis
progrem written in inta active BASIC lenguage
gives »imple instructions for the assay procedure
and asxx the operator to respond to di.played

questions by entering numerical codes at the
terminal.

The assay proiedure includes a background
run, a transmission-source run, a8 transmission-
source-plus-sample run, and a sample-only run,
The background run and the transmission-scurce
run are required once & day; the data are stored
in the computer. The transmission-source-plus-
sample run and the sample=only run are performed
for each sampie; the System automatically com-
bines the resulting cata with the stored back-
ground and transmission-source data for calcu)at-
ing the final assay results. The data collection
times for the concentrated solutions were 1000-s
(500-s each for the transmissiqn-plus-sample run
and for the ssmple-only run). For low-concentra-
tion solutions, the cata collection times were
2000-s (100-s for the transmission-plus-sample
run and 1900-s for the sample-only run),

RESULTS AND DISCUSSION

The instrument was calibrated with solution
standards prepared by the Analytical Chemistry
Laboratory at Lot Alamos. Six plutonium stan-
derds, having concentrations ranging from 0,45
to 261 g Pu/L, were used for the original pluto-
nium ca 1brauov}. The typical precision of the
plutonium assay’d was «0.75% for concentrations
»>30 g Pu/L within a 1000-3 count time and -4% at
0.5 g Pu/L within a 2000-s count time, Four
americium standards, having concentrations rang-
ing from 0.1 to 4.5 g Am/L, were uted for americ.
fum calibration. The precision of the americium
analysis was <l% for concentrations >3.5 g Am/L
and -4% at 0.3 g Am/L within a 2000-3 count ' ime,

The performance of the SAl in assaying plu-
tonium process solutionss has been evaluated
by comparing results from its analyses with re-
sults from chemical analyses (photometric titra-
tion). The results agreed very well for pluto-
nium solutions that ware free of particulate
mtter,

The SAl accuracy for simultaneous analysis
of smericium and plutonium in mixed solutions
from process samples i3 tested by comparing the
SA] results with those of radicanalysis. Radio-
snalysis, which {3 routinely used for analyzing
process samples, determines (1) plutonium content
by alpha counting after the plutonium 1is ex-
tracted with Z-th'nogl trifluoroscetone and (2)
americium content® by intagral counting gamma
activity above 32 kev, The routine tccuracy of
the radioanalysis i3 =] to 5% for americium and
-5 to 10% for plutonium. Preliminary results for
15 process samples are summarized in Table I.
The radioanalysis results and their associated
uncertainties are the means and mean deviations
of two measurements, respactively. Although the
plutonium concentrations ware relatively low
(¢1.2 g Pu/L) and Am/Pu ratios were relatively
M'h (from 0.6 to 34.9), the averuge relative
difference between the SAi end radioanalysis re-
sults was 0.2]%, which indicates that there i3
no significent bias between them. Howsver, an

T r——



TABLE 1

COMPFARISON OF SAI RESULTS WITH RADIOANALYSIS RESULTS FOR SIMULTANEOUS
AMERICIUM AND PLUTONIUM MEASUREMENTS

Am Concentration (g/L) Pu Concentration (g/L)

Sample No. RAD® SAI ax® RAD SAl 8y Ampuf
1 0.90 « 0,07 0.86 « 0,02 -4.4 0.88 «0.02 0.92 = 0.04° 4.6 C.%
2 0.4] 0.39 #« 0,02 -4.9 0.098 = 0.004 0.116 » 0.04 18.4 3.4
3 3.10« 0,07 3.06 « 0.03 -}.3 0.68 0.55 » 0.07 -4.4 4.7
4 5.15 4,87 *+ 0.05 -5.4 0.97 0,02 0.89 = 0.09 -8.3 5.5
5 3.10 2.68 « 0,03 -13.6 0.83 0,06 0.9 = 0.07 8.4 3.0
6 1.56 « 0.06 1.54 « 0,02 -1.3 0.068 « 0,02 0.053 « 0.05 -22.1 29.1
7 2.39 2,20 » 0,03 -7.9 0.99 «0.04 ).14 & 0,06 15.2 1.9
8 3.95 3.87 ¢ 0.08 -2.0 1.02 = 0,05 1.03 =« 0.08 1.0 3.8
9 1,90 » 0,07 1.85 & 0,02 -2.6 0.057 « 0,002 0.053 » 0.058 -7.0 34.9

10 2.36 2.39 = 0.04 1.3 0.67 » 0,02 0.80 = 0.07 19.4 3.0
1 3.8) 3.73 =« 0.04 -2.] 1.15 =« 0,05 0.93 =« 0.08 -19.} 4.0
12 4,41 4,10 =« 0,04 -7.0 0.9 =004 0.70 = 0.08 -23.1 5.9
13 3.43 20,04 3,35 « 0,04 -2.3 0.54 = 0,02 0.535 s 0.076 -0.9 6.3
14 3.25 3.00 » 0.03 -7.7 0.66 = 0,001 0.59 =« 0,07 -10.€ 5.1
15 0.049 0.044 « 0,01 -l0.2 0.060 « G.0) G.079 » 0.035 31.7 0.6

SRadioanalysis results and their associated uncertainties are represented by the means and mean
Mean deviations <13 are not listed in the table,

deviations, respectively, of two measurements,
a = (SAI - RAD)/RAD
CAccording to SAl results

=53 negative bias was obtained betwsen SA] and
~adioanalysis results for americium concentra-
tions. The possible explanation for the higher
rad}g’nalysis results may be due to contribution
of U to the 59.5-keV "nm ray, which is com-
monly associated with 2%Iam, To cbtain the best
results for americium from radioanalysis, the
uranium needs to be separated fram the americium,
Investiigation is now under way to compare the
radioanalysis results obtained after the uranium

is removed.
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Fig. ). Flow diagram of the plutonium purification process and the americium
recovery and purification process. Solutiun types, with total (plu-
tonium and americium) concentrations and Am/Pu ratios, are shown at
the SAl measurement points.



